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Chapter One Introduction. 
Categorical Response 
This course will focus on categorical outcome data. 
 Outcome: It can be a result of certain experiment or response 
of interest. 
 Response: What is to be measured or obtained as an outcome 
of interest in the experiment 
 Categorical Outcome = Categorical Response 
 Categorical Variable: Variable for which the measurement 
scale consists of a set of categories. 
Example: Political Affiliation(Democrat, Republican, Liberal…), 
Disease Status (Well, Mild, Severe), Public Opinion ( Yes or No) 
 Each subject can be categorized in only one category 
• Categorical Variable Can be: 
 Nominal
 Ordinal
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Nominal: Categorical variable having unordered categories
 Religion(Orthodox, Catholic, Protestant, Muslims)
 Gender(Male or Female)
Ordinal: Categorical variable having ordered categories
 Grading (Excellent, Very good, Good, Satisfactory, Fail)
 Income (High, Medium, Low)
Exercise: List another examples of ordinal and nominal
variables(five for each)
Probability Distribution for Categorical Data
 Bernoulli
 Binomial
 Hypergeometric
 Poisson and Multinomial
Bernoulli trial:
• an experiment with two, and only two possible outcomes. 
Binomial distribution:
• A random variable X has Binomial distribution and it referred to as 
a Binomial random variable if and only if its probability 
distribution given by: p x; n, 𝑝𝑝 = nx px 1 − p n−x for x = 0, 1,  .  .  . , n. 
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• In general binomial distribution has the following
characteristics:
An experiment repeated n times.
Only two possible outcomes: success (S) or Failure (F).
P(S) (fixed at any trial).
The n-trials are independent
• Mean: E(X) = µ = = n p
• Variance: Var(X) = E(X – E(x))2 = np (1 − p)
Hypergeometric distribution
Poisson distribution
• a random variable X has Poisson distribution with
parameter 𝜆𝜆 and it referred to as a Poisson random
variable if and only if its probability distribution
given by: 𝑝𝑝 𝑥𝑥; 𝜆𝜆 = 𝜆𝜆𝑥𝑥𝑒𝑒−𝜆𝜆
𝑥𝑥! for x = 0, 1, 2, . . .
Mean: E(X) = µ = ∑𝑥𝑥=0∞ 𝑥𝑥
𝜆𝜆𝑥𝑥𝑒𝑒−𝜆𝜆
𝑥𝑥! = λ
Variance: Var(X) = E(X – E(x))2 = 𝜆𝜆
Exercise
1. What is the probability that the student will answer 8
out of 10 questions correctly. When the probability of
answering a question correctly is 0.5?
2. 10 lamps were brought to an electrician for
investigation, but, due to time constraint only 6 of them
will be investigated. If only 3 out of the 10 lamps are
defective, what is the probability that at least 2 out of
the 6 lamps selected for investigation will be found
defective?
3. On average 4.6 deaths occur every year at certain
intersection due to car accident. What is the probability
that at most 5 deaths will occur in any given year?
Statistical Inference 
 In general, the aim of this section will be to
estimate parameters and to test hypotheses about the
parameters
 In some cases, it is possible to get exact
distribution for the test statistic or parameters. In
other cases we should rely on large sample theory
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example
• Of adults in the United States believe that a pregnant woman
should be able to obtain an abortion? Let π denote the
proportion of the American adult population that responds “yes”
to the question, “Please tell me whether or not you think it
should be possible for a pregnant woman to obtain a legal
abortion if she is married and does not want any more children.”
We test H0: π = 0.50 against the two-sided alternative
hypothesis, Ha: π = 0.50.
• Of 893 respondents to this question in 2002, 400 replied “yes”
and 493 replied “no”. The sample proportion of “yes” responses
was p = 400/893 = 0.448. For a sample of size n = 893, the null
standard error of p equals √[(0.50)(0.50)/893] = 0.0167. The test
statistic is z = (0.448 − 0.50)/0.0167 = −3.1
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• The two-sided P-value is the probability that the absolute
value of a standard normal variate exceeds 3.1, which is P
= 0.002. There is strong evidence that, in 2002, π < 0.50,
that is, that fewer than half of Americans favored legal
abortion in this situation.
• The 95% confidence interval equals p = 0.448 for n =
893, which is 0.448 ± 0.033, or (0.415, 0.481).
• We can be 95% confident that the population proportion
of Americans in 2002 who favored legalized abortion for
married pregnant women who do not want more children
is between 0.415 and 0.481.
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• In Table 2.1, belief in the afterlife is a response
variable and gender is an explanatory variable. We
therefore study the conditional distributions of
belief in the afterlife, given gender.
• For females, the proportion of “yes” responses
was 509/625 = 0.81 and the proportion of “no”
responses was 116/625 = 0.19.
• The proportions (0.81, 0.19) form the sample
conditional distribution of belief in the afterlife.
For males, the sample conditional distribution is
(0.79, 0.21).
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